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Effective  use  of  energy  is  crucial  due  to  the  continuously  depleting  energy  resources,  especially  for 
developing  countries  which  are  currently  experiencing  rapid  economic  and  population  growth.  Enclosed 
common  areas  in  buildings  are  designed  to  accommodate  the  needs  of  occupants.  Such  spaces  often  con¬ 
stitute  a  large  portion  of  the  total  building  spaces  and  subjected  to  a  certain  degree  of  building  services 
requirement  which  contributes  to  the  increase  in  energy  consumption.  Hence,  it  is  important  to  under¬ 
stand  the  special  characteristics  of  the  common  areas  in  buildings  for  energy  efficiency  improvement 
whilst  maintaining  human  comfort.  This  paper  reviews  the  studies  conducted  in  the  common  areas  of 
buildings,  and  sought  to  introduce  a  new  approach  in  building  energy  efficiency  improvement.  In  tropical 
buildings,  a  large  portion  of  energy  is  being  used  on  the  air  conditioning  and  artificial  lighting  systems 
to  sustain  the  occupants’  comfort.  This  has  raised  concerns  on  effective  use  of  the  systems  and  hence 
suggesting  an  additional  opportunity  in  energy  efficiency  improvement. 
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1.  Introduction 

The  rapid  economic  growth  in  the  developing  countries  has  lead 
to  increase  in  energy  consumption  and  supply  difficulties.  Hence, 
efficient  usage  of  energy  is  essential  in  preserving  the  amount 
of  energy  sources  available.  The  energy  used  by  nations  which 
are  developing  will  exceed  the  advanced  countries  by  2020  [1]. 
The  final  commercial  energy  demand  is  commonly  divided  into 
several  sectors:  industrial,  transport,  resident  and  commercial, 
non-energy,  agricultural  and  forestry.  In  Malaysia,  both  the  resi¬ 
dential  and  commercial  sectors  had  consumed  213  Peta-joules  of 
energy  in  2005  and  is  expected  to  grow  to  284.9  Peta-joules  in  the 
year  2010  as  shown  in  Table  1  [2].  The  energy  demand  is  expected 
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to  grow  at  an  average  rate  of  6.3%  per  annum  between  year  2005 
and  2010.  This  is  mostly  due  to  the  rapid  development  of  economic 
activities  and  population  growth,  as  well  as  the  increasing  demand 
for  comfort  and  a  higher  standard  lifestyle  that  has  consequently 
caused  a  significant  increase  in  energy  consumption. 

In  most  tropical  buildings,  the  air  conditioning  system  is  essen¬ 
tial  in  maintaining  good  thermal  environment  for  occupants.  Yet,  it 
is  often  the  largest  consumer  of  energy  in  which  30-60%  of  the 
building’s  energy  is  used  for  cooling  and  dehumidification  pur¬ 
poses.  Artificial  lighting  comes  second  in  energy  consumption  after 
air  conditioning  system,  and  yields  1 5-20%  of  the  total  energy  con¬ 
sumption  [3  ].  In  general,  the  building  spaces  can  be  divided  into  two 
sections:  the  commonly  occupied  ones  and  the  common  areas.  Con¬ 
ventionally,  less  energy  related  studies  were  directed  towards  the 
latter  with  various  reasons,  such  as  difficulties  in  conducting  field 
measurements,  complexity  of  the  physical  phenomenon  involved 
and  the  transient  nature  of  these  areas.  In  this  paper,  the  available 
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Table  1 

Commercial  energy  demand  by  sector,  Malaysia,  2000-2010  [2]. 
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Source 

Petajoules 

Percentage 

Average  annual 
growth  rate 

2000 

2005 

2010 

2000 

2005 

2010 

8MP 

9MP 

Industrial 

477.6 

630.7 

859.9 

38.4 

38.6 

38.8 

5.7 

6.4 

Transport 

505.5 

661.3 

911.7 

40.6 

40.5 

41.1 

5.5 

6.6 

Residential  &  commercial 

162.0 

213.0 

284.9 

13.0 

13.1 

12.8 

5.6 

6.0 

Non-energy 

94.2 

118.7 

144.7 

7.6 

7.3 

6.5 

4.7 

4.0 

Agriculture  and  forestry 

4.4 

8.0 

16.7 

0.4 

0.5 

0.8 

12.9 

15.9 

Total 

1243.7 

1631.7 

2217.9 

100.0 

100.0 

100.0 

5.6 

6.3 

information  concerning  comfort  studies  performed  at  the  common 
areas  in  buildings  are  analyzed  with  the  aim  to  identify  opportuni¬ 
ties  for  energy  efficiency  improvement. 


2.  Enclosed  common  areas  in  building 

A  building  is  made  up  of  different  compartments  to  serve  var¬ 
ious  types  of  human  activities.  Other  than  the  normally  occupied 
regions  such  as  classrooms,  offices,  and  meeting  rooms,  the  com¬ 
mon  areas  are  designed  to  allow  occupants  to  travel  either  between 
outdoors  and  the  interior  usable  spaces  or  within  interior  spaces 
which  are  separately  located  [4],  and  available  in  various  architec¬ 
tural  designs.  Common  areas  can  be  divided  into  two  types:  the 
fully  enclosed  ones  (surrounded  inside  a  building)  and  the  building 
parts  opened  to  the  outdoor  environment.  The  enclosed  common 
areas  in  building  are  generally  viewed  as  the  regions  which  are  not 
actively  occupied  by  people,  subjected  to  some  building  services 
requirement  and  not  directly  connected  with  the  external  envi¬ 
ronment.  It  is  also  known  as  the  transitional  zones,  and  some  of  the 
examples  of  these  areas  are  the  lift  lobbies,  passageways,  corridors, 
indoor  parking  spaces,  etc.  [6]. 

In  certain  cases,  the  common  areas  may  have  several  features 
that  are  similar  to  the  occupied  regions,  where  activities  like  set¬ 
ting  of  sales  and  promotion  counters,  meeting  or  discussion  point 
are  being  conducted.  The  Uniform  Building  By-Laws  1984  (UBBL: 
1984)  [5]  clearly  stipulates  several  mandatory  requirements  in 
the  common  areas  for  safety  of  occupants.  For  example,  by-laws 
153  (1)  of  the  UBBL:  1984  specifies  that  all  protected  lift  lobbies 
must  be  equipped  with  fire  smoke  detectors.  Besides,  by-laws  200 
stipulates  the  requirement  for  mechanical  pressurization  of  stair¬ 
case  enclosure  of  Malaysian  buildings.  In  other  words,  the  thermal 
environment  in  such  areas  should  be  controlled  by  mechanical 
means  which  directly  contribute  to  building’s  energy  consumption. 
Fig.  1  shows  the  enclosed  lift  lobby  of  an  educational  institution  in 
Malaysia  which  is  installed  with  an  air  conditioning  unit.  The  build¬ 
ing  services  requirement  -  air  conditioner,  artificial  lighting,  fire 
detectors,  etc.  is  presented  in  Fig.  2.  The  work  of  Pitts  et  al.  [4]  noted 
that  the  transitional  spaces  may  take  up  60%  of  the  total  building 
spaces.  In  other  words,  attention  should  be  given  to  the  enclosed 
common  areas  in  terms  of  design  and  energy  consumption,  similar 
to  the  commonly  occupied  spaces. 

Some  researchers  defined  the  common  areas  as  the  zones 
“between”  architectural  spaces  where  the  indoor  and  outdoor  cli¬ 
mates  are  modified,  without  mechanical  means  and  the  people 
within  the  area  may  experience  dynamic  effects  of  change.  Three 
types  of  transitional  spaces  are  suggested  by  Chun  et  al.  [6]  and  are 
shown  in  Fig.  3. 

Each  of  the  illustrated  transitional  spaces  has  different  building 
services  requirement.  For  example,  type  1  transitional  space  may 
represent  the  lift  lobby  of  an  office,  and  is  “fully  enclosed”  compared 
to  type  3.  Such  “fully  enclosed”  common  areas  in  tropical  buildings 
are  usually  subjected  to  higher  level  of  building  services  as  required 
under  several  building  design  guidelines  to  sustain  human  comfort 


Fig.  1.  Enclosed  lift  lobby  in  a  Malaysian  building. 


Fig.  2.  Some  examples  of  building  services. 
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and  to  ensure  the  protection  of  occupants’  safety.  Hence,  due  to 
the  installation  of  mechanical  devices,  the  authors  propose  that 
more  work  on  energy  efficiency  improvement  should  be  placed  on 
this  type  of  transitional  space,  as  it  forms  a  better  opportunity  in 
identifying  areas  for  energy  savings. 

3.  Environmental  comfort  in  the  common  areas 

To  ensure  the  permanence  of  a  healthy  environment  yet 
conducive  for  productivity  of  occupants,  conditions  of  indoor  envi¬ 
ronment  must  be  adjusted  to  ensure  environmental  comfort  [7,8]. 
Environmental  comfort  in  the  building  comprises  of  four  parame¬ 
ters:  thermal,  visual,  acoustical  and  ergonomic  comfort.  According 
to  ASHRAE  Standard  55:  2004  [9],  thermal  comfort  is  defined  as 
the  condition  of  mind  that  expressed  satisfaction  with  the  thermal 
environment.  Thermal  comfort  is  essential  in  building,  as  ther¬ 
mal  discomfort  may  directly  affect  the  working  performance  of 
occupants  [10].  Besides,  illuminance  level  also  has  substantial  influ¬ 
ence  towards  human  comfort  [11].  However,  most  of  the  thermal 
comfort  studies  were  conducted  in  the  occupied  spaces,  such  as 
offices  and  classrooms  whilst  fewer  efforts  were  directed  towards 
the  common  areas  [4,24].  Even  the  ASHRAE  Standard  55:  2004 
[9]  clearly  mentioned  in  its  scope  that  the  standard  only  specifies 
thermal  conditions  acceptable  for  healthy  adults  at  atmospheric 
pressure  equivalent  to  altitudes  up  to  3000  m  in  indoor  spaces 
designed  for  human  occupancy  for  period  not  less  than  15  min.  In 
other  words,  the  common  areas  are  out  of  the  contexts  of  the  stan¬ 
dard.  Only  until  recently,  a  number  of  studies  were  conducted  by 
researchers  worldwide  in  the  building  transitional  zones  to  clarify 
certain  enquiries:  the  level  of  emotional  interruption  when  trav¬ 
elers  experienced  sudden  change  in  thermal  experience  [12,13], 
opportunity  in  energy  efficiency  improvement  [4,14]  and  others. 
Despite  all  these  efforts,  there  are  still  more  spaces  left  for  further 
analysis. 

The  work  of  Jitkhajornwanich  and  Pitts  [12]  in  their  work 
on  thermal  responses  in  transitional  spaces  in  Bangkok  found 
that  the  neutral  temperature  for  such  spaces  may  be  higher,  in 
which  neutral  temperature  of  26.1 -27.6  °C  was  found.  The  effect 
of  air-conditioners  on  people,  which  lead  to  acclimatization  to  a 
controlled  cooler  environment  and  expectation  of  an  unpleasantly 
warm  sensation  when  encountering  the  outdoor  environment  was 
noted.  This  showed  that  although  building  users  do  not  occupy  the 
transitional  spaces  for  a  notable  period  of  time,  the  indoor  envi¬ 
ronment  still  exert  some  level  of  effects  on  human  perceptions  of 
thermal  comfort.  Pitts  and  Saleh  [15]  also  found  that  such  spaces  act 
to  modify  experience  and  expectation  of  travelers  passing  through 
them. 

In  order  to  understand  the  characteristics  of  thermal  comfort  in 
the  transitional  spaces,  Chun  et  al.  [6]  applied  trial  measurements 
in  Japan  and  the  physical  variables  measured  were  temperature, 
relative  humidity,  globe  temperature,  solar  intensity  and  air  veloc¬ 
ity.  The  measurements  were  generally  taken  at  the  centre  of  the 
space,  and  the  PMV  (Predicted  Mean  Vote)  model  was  applied  for 
prediction  of  thermal  comfort.  The  results  obtained  from  the  study 
proposed  that  transitional  spaces  can  be  defined  as  an  indepen¬ 
dent  dynamic  space  which  owns  various  physical  conditions.  Also, 
the  energy  saving  potential  was  suggested  if  they  are  developed 
according  to  the  specific  climate  needs. 

Another  research  conducted  by  Chun  and  Tamura  [13]  in  urban 
transitional  spaces  with  the  objective  to  investigate  thermal  com¬ 
fort  for  travelers  applied  the  7-point  ASHRAE  thermal  sensation 
scale  together  with  a  laboratory  study.  The  thermal  comfort  param¬ 
eters  were  recorded  concurrently  and  the  conclusion  made  was 
thermal  comfort  in  the  transitional  spaces  can  be  adapted  very 
widely.  The  reason  for  such  statement  was  the  fast  temperature 
changes  experienced  by  the  building  users  while  walking,  unlike 


the  activities  in  office  buildings  or  houses.  Thus,  the  conclusion 
made  was  narrow  range  of  HVAC  control  is  not  required  in  the 
transitional  spaces. 

It  is  interesting  to  identify  the  different  perception  on  ther¬ 
mal  comfort  for  people  who  stayed  in  the  transitional  zones  for 
a  notable  period  of  time  (similar  to  commonly  occupied  condi¬ 
tions  in  certain  extent)  with  the  travelers  who  just  merely  passing 
by.  A  recent  study  conducted  by  Hwang  et  al.  [14]  with  inten¬ 
tion  to  identify  the  subjective  responses  and  comfort  perception 
in  the  transitional  spaces  for  guests  (short  occupying  period)  and 
staffs  (long  occupying  period)  applying  both  objective  and  subjec¬ 
tive  measurements  and  was  performed  at  a  guest  service  centre 
in  Taiwan.  The  outcomes  of  this  research  reflected  the  difference 
in  thermal  comfort  preference,  where  the  guests  who  entered 
from  a  warmer  external  environment  showed  preference  towards 
a  cooler  surrounding.  The  acclimatization  of  workers  was  also 
demonstrated. 

From  all  the  studies  performed  in  the  common  areas,  it  is  iden¬ 
tified  that  most  of  the  environmental  comfort  studies  considered 
only  general  observation,  without  distinctly  specifying  a  particu¬ 
lar  region  in  a  building  for  thermal  comfort  analysis.  As  suggested 
by  Jitkhajornwanich  and  Pitts  [12],  internal  environment  have  cer¬ 
tain  effects  on  human  perception  of  thermal  comfort  regardless 
of  the  amount  of  time  spent  in  a  building  region.  By  that  means, 
it  is  important  to  allow  thermal  comfort  studies  to  be  conducted 
exclusively  on  one  type  of  the  transitional  regions,  as  shown  in  the 
work  of  Hwang  et  al.  [  1 4]  for  better  understanding  of  the  occupants’ 
thermal  comfort  preference  as  well  as  the  opportunity  for  energy 
savings. 

For  measurement  of  thermal  comfort  parameters  in  an  enclosed 
common  area,  which  is  crucial  for  comfort  assessments,  similar 
procedures  as  applied  in  the  commonly  occupied  spaces  can  also 
be  used  as  suggested  in  the  work  Chun  et  al.  [6]  and  Chun  and 
Tamura  [13].  However,  the  transient  environment  of  the  common 
areas  which  are  connected  to  the  external  environment  is  one  of 
the  major  barriers  in  prediction  of  thermal  and  air  flow  rate.  This 
has  made  the  efforts  of  identifying  the  thermal  sensation  of  occu¬ 
pants  more  difficult  than  in  the  occupied  spaces.  Yet,  the  enclosed 
type  of  common  areas  posted  an  opportunity  as  it  features  certain 
characteristics  which  are  similar  to  the  commonly  occupied  spaces 
[18]. 

The  application  of  simulation  software  in  thermal  comfort  sur¬ 
vey  is  gaining  popularity  and  acceptance  recently.  Several  studies 
were  conducted  to  predict  the  air  movement  and  temperature 
profile  of  spaces  inside  a  building  [16,17,35]  for  energy  efficiency 
improvement  purposes.  The  simulation  results  often  showed  close 
resemblance  of  the  actual  measurements.  Nevertheless,  the  pre¬ 
diction  may  be  good  in  occupied  spaces  with  controlled  indoor 
environment  only,  since  some  of  the  common  areas  like  pas¬ 
sageways  and  corridors  are  often  designed  to  act  as  a  “buffer” 
zone  between  indoor  and  external  environment.  The  thermal  envi¬ 
ronment  is  not  normally  controlled  via  mechanical  means  and 
prediction  of  thermal  comfort  is  more  difficult  to  be  made.  As 
mentioned  earlier  in  this  paper,  some  of  the  transitional  spaces 
may  be  treated  as  occupied  spaces,  as  some  activities  which 
require  human  occupancy  are  often  being  conducted  in  such 
areas.  In  other  words,  the  transitional  spaces  may  be  “enclosed” 
to  maintain  human  comfort  with  the  aid  of  mechanical  cooling. 
And  thus,  the  indoor  conditions  of  the  “enclosed”  type  of  transi¬ 
tional  spaces  can  be  tested  with  references  to  the  data  from  field 
measurements. 

A  case  study  was  performed  by  Munisamy  and  Soong  [17] 
on  jet-fans  application  in  a  basement  car  park  in  Malaysia 
using  Computational  Fluid  Dynamics  (CFD)  for  energy  efficiency 
improvement.  The  conditions  of  car  park  with  jet-fans  and  with¬ 
out  jet-fans  were  compared  and  the  effectiveness  of  CFD  in  aid  of 
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Table  2 

Expectancy  factors  for  non-conditioned  buildings  in  warm  climates  [22]. 
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Expectation 

Classification  of  buildings 

Expectancy  factor,  e 

Location 

Warm  periods 

High 

Air-conditioned  buildings  are  common 

Occurring  briefly  during  summer  season 

0.9-1. 0 

Moderate 

Some  air-conditioned  buildings 

Summer  season 

0.7-0.9 

Low 

Few  air-conditioned  buildings 

All  seasons 

0.5-0. 7 

design  evaluation  was  noted.  Since  people  spend  most  of  their  time 
on  indoor  activities,  Kaynakli  and  Kilic  [19]  investigated  the  indoor 
thermal  comfort  under  transient  condition  by  establishing  a  math¬ 
ematical  model  of  thermal  interaction  between  human  and  their 
surroundings.  The  effect  of  clothing  and  air  velocity  were  consid¬ 
ered  in  this  study.  As  human  body  was  found  to  react  significantly 
to  the  transient  environment  when  they  traveled  from  the  com¬ 
mon  areas  to  their  workplace,  the  building  designers  are  expected 
to  consider  this  fact  in  every  phase  of  the  building  development  for 
improvement  in  thermal  comfort. 

For  thermal  comfort  assessments,  it  is  necessary  to  apply 
some  thermal  comfort  indices  which  are  useful  for  prediction 
of  thermal  environment.  The  PMV  model  is  an  important  and 
flexible  tool  for  prediction  of  thermal  sensation  which  consid¬ 
ered  the  level  of  physical  activity,  clothing  (CLO)  value  as  well 
as  the  thermal  comfort  parameters:  air  temperature,  relative 
humidity,  mean  radiant  temperature  and  air  velocity.  Though 
well  received  in  the  buildings  which  are  air-conditioned,  sev¬ 
eral  thermal  comfort  studies  in  tropical  buildings  concluded 
that  the  PMV  model  overestimated  the  thermal  sensation  of 
occupants  [20,21],  and  is  not  suitable  to  be  applied  in  the  tran¬ 
sitional  space  due  to  its  dynamic  physical  features  and  behavior 
[6].  Fanger  and  Toftum  [22]  in  their  work  of  extension  of  the 
PMV  model  to  non-air-conditioned  buildings  in  warm  climates 
introduce  a  list  of  expectancy  factors  for  thermal  comfort.  The 
expectancy  factor,  e,  is  to  be  multiplied  with  the  measured  PMV 
to  obtain  the  mean  thermal  sensation  vote  of  the  actual  non-air- 
conditioned  building  in  a  tropical  building.  Table  2  presents  the 
expectancy  factors  for  non-air-conditioned  buildings  with  different 
characteristics. 

The  expectancy  factor  is  useful  to  apply  together  with  the  PMV 
model  for  prediction  of  human  thermal  sensation  in  tropical  build¬ 
ings,  as  it  is  noted  to  agree  well  with  available  quality  field  studies 
in  non-air-conditioned  buildings  in  warm  climates.  This  serves  as 
a  useful  tool  in  thermal  comfort  studies  in  the  common  areas,  as 
the  thermal  conditions  can  be  adopted  very  widely  compared  to 
occupied  spaces  [13]  and  good  control  of  temperature  and  comfort 
limits  are  not  required  [15]. 

4.  Energy  savings  potential 

Effective  energy  usage  is  widely  encouraged  in  Malaysia  with 
the  introduction  of  Malaysian  Standard  (MS)  1525:  2007  [23].  The 
standard  specifies  the  code  of  practice  on  energy  efficiency  and  use 
of  renewable  energy  for  non-residential  buildings  in  Malaysia.  In 
tropical  buildings,  the  indoor  environment  is  often  air-conditioned 
due  to  higher  climatic  temperature.  For  buildings  in  Malaysia,  the 
MS  1525:2007  [23]  stipulates  that  the  acceptable  indoor  tem¬ 
perature  is  in  the  range  of  23-26  °C,  with  no  building  regions 
specified.  This  may  be  true  for  building  spaces  which  are  engaged 
with  human  activities,  where  several  studies  in  the  tropics  have 
noted  that  temperature  ranging  between  23  and  26  °C  is  able  to 
provide  the  occupants  with  thermally  comfortable  surroundings 
[24,25].  Though,  the  thermal  requirement  of  the  common  areas  is 
not  specified  explicitly  in  the  standard.  Some  studies  suggested  that 
generally  the  occupants  pay  less  attention  to  the  environmental 
conditions  of  the  common  areas  [15].  Besides,  the  energy  efficiency 


potentials  in  some  of  the  common  areas  were  suggested.  The  work 
of  Flwang  et  al.  [26]  suggested  that  the  temperature  setting  for  air 
conditioning  system  can  be  raised  to  2  °C  higher  than  the  conven¬ 
tional  settings  for  reduction  in  energy  consumption,  where  every 
1  °C  increase  in  the  thermostat  setting  may  lead  to  a  reduce  of  6% 
in  energy  consumption  [27].  Furthermore,  it  has  shown  in  several 
studies  that  natural  daylight  is  useful  in  reducing  the  usage  of  artifi¬ 
cial  lighting  fixtures,  which  has  introduced  another  area  for  energy 
efficiency  improvement. 

Pitts  and  Saleh  [15]  suggested  that  each  type  of  transitional 
space  can  contribute  in  energy  saving  if  the  importance  of  such 
spaces  is  recognized  in  design  and  in  energy  use.  Four  types  of 
transitional  spaces  were  studied  using  thermal  comfort  indices 
and  estimations  were  made  on  the  energy  saving  potentials.  The 
outcomes  showed  that  improvement  on  energy  efficiency  can  be 
obtained  by  allowing  a  modest  relaxation  of  the  comfort  standards 
in  transitional  spaces.  Further  work  was  suggested  to  obtain  more 
relevant  data  on  transitional  spaces  in  buildings. 

5.  Air  Conditioning  and  Mechanical  Ventilation  (ACMV) 
system 

The  Air  Conditioning  and  Mechanical  Ventilation  (ACMV)  sys¬ 
tem  typically  accounts  for  one  to  two-thirds  of  the  total  energy 
consumption  in  buildings  and  often  viewed  as  the  potential  can¬ 
didate  for  improvement  of  energy  efficiency  [28,29].  As  travelers 
were  found  to  pay  less  attention  on  the  amount  of  cooling  acquired, 
design  and  operation  of  air  conditioning  systems  in  the  enclosed 
common  areas  should  not  be  made  the  same  as  the  occupied  spaces. 
The  sizing  of  ACMV  systems  can  be  made  with  lower  cooling  load, 
together  with  the  requirement  for  fan  speed.  For  operational  pur¬ 
pose,  the  acceptable  range  of  temperature  settings  for  each  of  the 
common  areas  should  be  studied  specifically,  as  different  com¬ 
mon  areas  may  have  different  thermal  requirement.  For  example, 
Hwang  et  al.  [26]  and  Kwong  and  Mariah  [18]  identified  that  peo¬ 
ple  in  the  transitional  spaces  can  be  thermally  comfortable,  even 
with  higher  surrounding  temperature.  The  travelers  who  walked 
through  a  passageway  may  have  different  thermal  preferences  than 
those  who  stayed  for  a  longer  period  at  the  lift  lobbies.  This  poses  an 
interesting  field  for  further  surveys.  As  the  PMV  model  often  predict 
warmer  environment  than  actual  felt  by  occupants,  the  extension 
of  PMV  model  introduced  by  Fanger  and  Toftum  [22]  has  suggested 
expectancy  factor  for  thermal  comfort  and  should  be  considered  to 
be  applied  in  the  thermal  comfort  studies  of  common  areas  inside 
tropical  buildings. 

Natural  ventilation  is  always  an  interesting  issue  in  buildings 
due  to  high  energy  consumption  of  the  air  conditioning  system  [35  ]. 
Some  studies  have  noted  the  “acclimatization”  of  people  living  in 
the  tropics  to  the  warmer  environment  and  suggested  that  occu¬ 
pants  in  tropical  buildings  may  have  different  perception  of  thermal 
comfort  than  people  in  moderate  climate  [32,33].  Some  common 
areas  which  are  constructed  to  connect  the  indoor  and  external 
environment,  such  as  outdoor  passageways,  are  employing  the  con¬ 
cept  of  natural  ventilation  for  energy  savings  purpose.  However,  the 
idea  of  using  natural  ventilation  in  the  common  areas  to  provide 
thermal  comfort  should  be  carefully  studied  to  ensure  that  occu¬ 
pants’  safety  is  not  jeopardized.  This  is  due  to  the  characteristics  of 
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several  common  areas  in  which  fire  protection  systems  are  required 
such  as  smoke  and  heat  detectors.  The  application  of  natural  ven¬ 
tilation  may  in  certain  extent,  affect  the  functionality  of  the  fire 
gadgets.  In  spite  of  that,  studies  can  be  conducted  in  such  spaces 
to  identify  the  possibility  of  minimizing  energy  consumption  via 
equipment  downsizing  with  reference  to  the  available  standards 
and  regulations.  The  application  of  Overall  Thermal  Transfer  Value 
(OTTV)  for  measurement  of  building  envelop  is  suggested  by  the 
MS  1525:  2007  [23],  and  more  detailed  studies  are  required  for 
Malaysia  where  the  climate  is  hot  and  humid.  Also,  it  should  be 
noted  that  common  areas  in  different  building  types  may  not  have 
similar  requirement  in  cooling  loads.  This  fact  lays  a  must  for  indi¬ 
vidual  research  in  all  common  areas  in  order  to  obtain  statistically 
accurate  results. 

6.  Artificial  lighting  fixtures 

Visual  comfort  is  one  of  the  most  important  comfort  parameters. 
Human  comfort  is  closely  related  with  the  illuminance  level  of  the 
surroundings,  where  high  solar  intensity  may  lead  to  discomfort 
of  occupants  [30].  Artificial  lighting  is  therefore  necessary  for  all 
types  of  buildings  to  provide  a  suitable  visual  environment  for  the 
residents.  The  MS  1 525 :  2007  [23 ]  stipulates  the  minimum  require¬ 
ment  for  illuminance  level  for  common  areas  (termed  “infrequently 
used  area”)  in  Malaysian  buildings,  as  presented  in  Table  3.  This 
serves  as  an  important  guideline  for  the  building  designers  when  it 
comes  to  the  design  of  lighting  fixtures  in  buildings.  Nevertheless, 
the  application  of  artificial  lighting  is  contributing  to  the  increase 
in  energy  consumption,  and  the  work  of  Lam  et  al.  [3]  identified 
that  the  electric  lighting  accounts  for  20-35%  of  total  energy  con¬ 
sumption  in  tropical  buildings.  The  common  areas  are  associated 
with  high  level  of  light  fittings  installation.  For  energy  efficiency 
purpose,  the  use  of  free  natural  daylight  as  the  source  to  provide 
sufficient  illuminance  level  should  be  encouraged.  This  can  be  done 
during  office  hours  (8.30  am  to  5.00  pm)  where  the  solar  inten¬ 
sity  is  able  to  provide  sufficient  daylight  illuminance,  for  example, 
100  lux  for  lift  lobby  [23].  Li  and  Tsang  [34]  found  that  good  build¬ 
ing  facade  design  utilizing  daylight  can  reduce  over  25%  of  total 
electric  lighting  energy.  Yet,  attention  should  be  given  to  the  issue 
of  glare  and  solar  heat  gain  in  the  common  areas,  as  glass  win¬ 
dows  that  have  high  value  of  transmittance  are  commonly  available 
in  tropical  buildings.  Common  areas  are  unlike  occupied  spaces, 
where  internal  shading  devices  are  often  unavailable.  This  has  sug¬ 
gested  that  some  work  must  be  carried  out  for  identification  of  the 
“best  approach”  in  designing  for  artificial  lighting  in  the  common 
areas  -  to  ensure  visual  comfort  with  minimization  of  solar  heat 
gain  to  the  internal  surrounding.  The  work  of  Li  et  al.  [31  ]  showed 
that  improvement  of  glass  windows  using  solar  film  coating  were 
able  to  reduce  energy  consumption  in  both  lighting  and  cool¬ 
ing  systems,  while  sustaining  visual  comfort  of  occupants.  Future 
studies  on  visual  comfort  in  the  common  areas  inside  tropical 
buildings  should  take  note  of  the  transmittance  level  of  glass  enclo¬ 
sures  applied,  as  well  as  the  opportunity  for  application  of  shading 


Table  3 

Recommended  average  illuminance  levels  for  infrequently  used  area  [23]. 


Example  of  applications 

Illuminance  (lux) 

Minimum  service  illuminance 

20 

Interior  walkway  and  car  park 

100 

Corridor,  passageways,  stairs 

100 

Entrance  and  exit 

100 

Entrance  hall,  lobbies,  waiting  room 

100 

Inquiry  desk 

300 

Gate  house 

100 

Escalator 

150 

devices  for  control  of  illuminance  level  during  high  solar  intensity 
period. 

7.  Conclusion 

Energy  consumption  of  Malaysian  buildings  comprises  13%  of 
the  total  energy  use  and  is  expected  to  rise  in  the  near  future. 
This  has  made  the  energy  efficiency  strategies  in  buildings  cru¬ 
cial,  as  it  not  only  reduces  the  demand  of  useful  energy,  but  also 
cuts  down  on  the  proliferation  of  C02  emissions.  The  increasing 
demand  of  air  conditioning  and  artificial  lighting  for  improvement 
of  human  comfort  in  the  tropics  greatly  contributes  to  the  increase 
in  energy  usage.  The  enclosed  common  area  in  buildings  poses  a 
fruitful  opportunity  in  energy  efficiency  improvement,  especially  in 
tropical  buildings  because  it  constitutes  a  large  portion  of  the  total 
building  space.  More  detail  studies  can  be  conducted  in  such  area 
by  focusing  on  thermal  and  other  environmental  comfort  parame¬ 
ters,  by  applying  field  surveys,  energy  audits,  software  simulation, 
etc.  It  is  strongly  believed  by  the  authors  that  the  common  areas 
can  provide  equal,  if  not  more,  potential  for  energy  saving  than  the 
occupied  spaces  in  tropical  buildings.  However,  it  is  to  be  noted 
that  energy  efficiency  strategies  should  be  done  in  accordance  to 
the  occupants’  comfort  and  safety,  as  buildings  are  built  to  serve 
human  in  various  kind  of  activities. 
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